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(54) Electrochemical Immunobiosensor 

(57) The present invention relates to an electro- 
chemical immunobiosensor which comprises an elec- 
trode part where a plurality of electrodes are formed on 
an insulating base plate and a part of the electrode is 
exposed by selectively forming an insulating layer on the 
: electrode; and a matrix part where a portion absorbed 
with anaiyte-cytolytic agent conjugates, a portion with 



an immobilized recepter which binds with the analyte, 
and a portion fixed with electroactive species-containing 
liposomes, to perform the functions of liposome-based 
signal amplification and immunochromatography; and 
said electrode portion exposed in the electrode part and 
the liposome portion in the matrix are integrally com- 
bined. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to an electrqchenr>ical s 
inrtmunobiosensor. More specifically, tine present inven- 
tion relates to an immunobiosensor which can quantita- 
tively analyse the concentration of physiologically inn- 
portant materials present in a sample by measuring the 
result of innmunochemical reaction between antigen and io 
antibody eiectrochemically 

BACKGROUND OF THE INVENTION 

As the reaction occurs with high specificity and 
strong bindingforce In an antigen-antibody reaction, the 
immunobiosensor using the reaction has a lot more ex- 
cellent characteristics than other sensors in assaying 
the physloioglcaily important materials. As conventional 
immunobiosensors using optical phenomenon, a melh- 20 
od measuring the light intensity altering with the result 
of interaction between an immobilized antibody at the 
end of optical fiber and an analyte (antigen) [Anderson 
GP. et al., IEEE Trans. Biomed. Eng. 1994, 41, 
678-584]; a method which comprises fixing of an anti- 2S 
body on a piezoelectric element and altering the change 
of mass, induced by binding thereof with an ana!yte(an- 
tigen), into an electric signal [Konig. B. et al., Anal. 
Chem. 1994, 66. 341-344]; a method detecting the 
change of surface ptasom resonance phenomenon oc- 30 
curing at the liquid interface with a metal by binding of 
an immobilized antibody on the metal with an analyte 
(antigen) [Severs, A.M. etal., Biosensors & Bioelectron- 
ics, 1993, 8, 365-370], or the like have been reported. 

As an immunobiosensor using an electrochemical 3S 
method, a method which comprises generating elec- 
troactive species by using conventional immunoassay 
such as enzyme-linked immunosorbent assay(ELISA) 
or metal ion labelling, separating thereof to measure 
eiectrochemically [Hayes, F.J. et al., Anal. Chem. 1 994, 40 
66, 1860-1865]. 

Liposome Immunoassay methods in which a la- 
belled material is encapsulated by the liposome and the 
liposome is ruptured after the completion of the immu- 
nochemical reaction to release the labelled material so 45 
that a signal related to the concentration of the analyte 
are recently in the spotlight Liposomes have been in- 
vestigated as a drug delivery system as their main com- 
ponent is phospholipid and have a property of capturing 
a hydrophilic or hydrophobic material or adjusting the ^0 
passage of the entrapped material dependent upon the 
characteristics of the bilayer, as the properties of the cell 
membranes. A variety of researches for applying these 
liposomes in immunoassays have been performed re- 
cently, however, few examples where liposomes applied ss 
In a sensor have been reported up to the present [Rich- 
ard, A. et al., Bbsensors & Bloelectronics, 1993, 8, xiii- 

XV], 



Conventional immunobiosensors using optical phe- 
nomenon have disadvantages in that the measuring 
system is complicated and high cost is required therefor. 
In contrast, the Immunobiosensors to which the princi- 
ples of electrochemistry have been applied have very 
simple measuring system, and the process for produc- 
tion of electrode Is also simple. 

Though a conventional immunoassay using electro- 
chemical measuring system has been reported [Athey. 
D. et al.. Biosensors & Bioelectronics, 1993. 8, 
415-41 9], it requires long time for the assay because the 
procedure Is using the conventional Immunoassay sys- 
tem as it is and electrochemical measurement is used 
in only the final assay stage, and the assay is not prac- 
tically simple because a variety of complicated stage 
during the assay. Generally, an immunochemical reac- 
tion such as antigen-antibody reaction requires much 
time because of the characteristics of the reaction per 
se. 

The reason why development of such electrochem- 
ical immunobiosensor in its true meaning is Inactive 
comes from a technical difficulties In Inducing a elec- 
troactive species from antigen-antibody binding itself. In 
case of an electrochemical senisor using an enzyme, 
electroactive species are readily formed on an electrode 
as a result of the enzyme reaction on the electrode and 
the material is oxidized or reduced to produce electrical 
current, while in case that an antibody on an electrode 
is reacted with an analyte (antigen), no electroactive 
species is produced. In order to overcome such prob- 
lem, attemps for preparation of an antibody having en- 
zyme activity have been reported. 

An immunoassay using liposome and application 
thereof as a sensor are also complicated, because in 
case of Immunoassay, required material for each step 
should be sequentially added, while in case of recently 
introduced immunobiosensor using liposomes, lipo- 
somes as well as a sample should be added so that the 
user must treat additional material containing liposomes 
as well as the sensor itself at the time of using thereof. 
Besides, liposomes must be ruptured by adding addi- 
tional material in order to perform an electrochemical 
measurement, whereby the method is not simple. 

An immunobiosensor using immunochemical reac- 
tion such as antigen-antibody reaction can not be pro- 
duced In a strip type as that of conventional thick-film 
enzyme sensor. This Is because no electroactive spe- 
cie^'occur as a result of immunochemical reaction itself; 
and in case of so called "sandwich assay" [where the 
antibody Is fixed on the upper part of the electrode and 
then the analyte (antigen) in the sample is bound to the 
antibody, and It is reacted with the second antibody com- 
bined to an enzyme or electroactive species], the sensor 
must be washed during the assay and auxiliary reagents 
are needed. 
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SUMMARY OF THE INVENTION 

It would therefore be desirable to overcome the 
above mentioned problems and to provide an electro- 
chemical immunobiosensor which can directly measure 
electrochemically the result of antigen-antibody reac- 
tion, by taking advantage of liposomes which can com- 
prise excess amount of electroactive species as signal- 
generating source, and principles of electrochemistry 
having a simple measuring system. 

It would also be desirable to provide a disposable 
immunobiosensor of strip type which can simply assay 
in a short time by just dropping a sample onto the sensor, 
without complicated multi-step operation during the as- 
say. 

It would also be desirable to provide a disposable 
immunobiosensor having a structure wherein a chroma- 
tographic matrix (which causes immunochemical reac- 
tion by developing the sample) is combined with an elec- 
trode of strip type, in order to quantify the concentration 
of the material to be assayed in the sample by contacting 
and reacting the sensor with the sample once without 
any additional auxiliary reagent. 

It would also be desirable to provide an electro- 
chemical immunobiosensor in which an immunochemi- 
cal reaction occurs while the sample is developed along 
the chromatographic matrix, having a structure wherein 
an analyte-cytolytic agent conjugates, an antibody(or 
antigen) which selectively combines with the analyte, 
and liposomejs containing electroactive species are ad- 
sorbed or Immobilized in a specific site respectively. 

It would also be desirable to provide an electro- 
chemical immunobiosensor which can accurately 
measure the physiologically important analytes at a high 
sensitivity by integrating the matrix and the electrode 
prepared on the insulating base plate so that the elec- 
troactive species released by the liposomelysis can be 
effectively oxidized or reduced by using the principles 
of generation of signal from electroactive species-con- 
taining liposomes. 

It would also be desirable to provide a multt-lmmu- 
nobiosensor for measuring multicomponents. 

An electrochemical immunobiosensor satisfying 
the desires described above may comprise an electrode 
part where a plurality of electrodes are formed on an 
insulating base plate and a part of the electrode Is ex- 
posed by selectively forming an insulating layer on the 
electrode; and a matrix part where a portion absorbed 
with analyte-cytolytic agent conjugates, a portion immo- 
bilized with a recepter which binds with the analyte, and 
a portion immobilized with electroactive species-con- 
taining liposomes, to perform the functions of liposome- 
based amplification signal and immunochromatogra- 
phy; and said electrode portion exposed in the electrode 
part and the liposome portion in the matrix are integrat- 
ed. 

In a currently preferred embodiment the multi>im- 
munobiosensor comprises overlapping a plurality of the 



electochemical immunobiosensors which comprises an 
electrode part where a plurality of electrodes are formed 
on an insulating base plate and a part of the electrode 
is exposed by selectively forming an Insulating layer on 

s the electrode; and a matrix part where a portion ab- 
sorbed with analyte-cytolytic agent conjugates, a por- 
tion immobilized with a recepter which binds with the an- 
alyte, and a portion immobilized with electroactive spe- 
cies-containing liposomes; and said electrode portion 

10 exposed in the electrode part and the liposome portion 
in the matrix are Integrated, with comparative sensor 
which generates reference signal to enable simultane- 
ous measurement of physiologically important multi- 
component species. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a electrode systeni 
which is composed of 3-electrode system of immunob- 
iosensor embodying the present invention. 

FIG. 2 is a plane view of a electrode system which 
is composed of 3-electrode system of immunobiosensor 
embodying the present invention. 

FIG. 3 is a perspective view of a electrode system 
which is composed of 2- elect rode system of immunob- 
iosensor embodying the present Invention. 

FIG. 4 is a plane view of a electrode system which 
is composed of 2-electrode system of immunobiosensor 
embodying the present invention. 

FiG. 5 is a structural view of matrix part of immuno- 
biosensor embodying the present invention. 

FIG. 6 is s perspective view of immunobbsensor 
embodying the present invention. 

FIG. 7 (A) - (F) illustrates the principle of generating 
signal of the immunobiosensor embodying the present 
invention. 

FIG. 8 is a perspective view of the immunobiosen- 
sor for measuring surface antibody and surface antigen 
of Hepatitis B virus concurrently according to one em- 
bodiment of the present Invention. 

FiG. 9 is a perspective vievyof multi-immunobiosen- 
sor for measuring multi-component according to anoth- 
er embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

An embodiment of the present invention is de- 
scribed by referring to the figures attached. 

In a currently preferred embodiment the electro- 
chemical immunobiosensor is composed of electrode 
part and chromatography(or capillary) matrix, whrein 
electrode part is formed on an insulating base plate us- 
ing thick-film technology, and immunochemical reaction 
occurs by developing the sample by a chromatographic 
principle or capillary action when sample is applied. 

The structure of electrochemical immunobiosensor 
is explained with reference to FIGs. 1 to 6. 
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Electrodes, same as in a known sensor using elec- 
trochemical principle, have, a 2-electrode system cop- 
mosed of a reference electrode and a working electrode, 
or a 3-e!ectrode system wherein a counter eleclrode is 
introduced thereto. Oxidation or reduction of electroac- 
tive species occurs on the working electrode under a 
certain applied potential with respect to the reference 
electrode. 

As shown in FIG.1 and 2, electrode system part(9) 
consisting of a 3-electrode system is constructed of a 
conduction path(2,3,4) printed with silver(Agj paste, a 
working electrode(5) printed with carbon paste, a coun- 
ter electrode(6), an Ag/AgCI reference electrode(8) and 
an insulating layer(7) formed on an insulating base plate 
(1 ) made of a polymer such as polyester, polyvinyl chlo- 
ride or polycarbonate. 

FIG. 2 is a plane view of a electrode system pan(9) 
which is constructed on an insulating base plate. 

On the other hand, the electrode system consisting 
of 2-eleclrode system comprises only working electrode 
(5") and reference electrode(8') as shown in FIGs. Sand 
4. 

In general, the material for preparing the working 
electrode includes carbon, platinum, gold, ruthenium di- 
oxide, or the like. 

The materials for constructing the nnatrix part(15) 
which generates an immunochemical reaction include 
filter paper, nitrocellulose, polystyrene, polyvinyl, acti- 
vated nylon film, or the like, as illustrated in FIG. 5. On 
the right upper side of the matrix part(15), i.e. assay 
starting point, an analyte-cytolytic agent conjugate is ab- 
sorbed, while on the central upper side. i.e. competition 
point(1 3), an antibocly(or antigen) which can binds to the 
analyte is strongly bound so that it cannot move, and on 
the left upper side, i.e. signal-generating point, are im- 
mobilized liposomes containing electroactrve species 
such as ferrocene derivatives(e.g. ferrocene, dimethyl- 
ferrocene), potassium terrocyanide, viologen deriva- 
tives, 2.6-dichlorophenolindophenol (DCPIP), p-ami- 
nophenol. tetrathiafulvalene (TTF), tetracyanoquino- 
dimethane (TCNO). phenazine methosulphate (PMS), 
Meldola's blue (7-dimethylamino-1 ,2-benzophenox- 
azine), 1 ,2-benzophenoxazine-7-one (BPO), thionin, or 
the like. 

The matrix part(l5) has the function of generating 
immunochemical reaction as well as providing electro- 
lytes in the sample to the electrode part(1 0) by mobiliz- 
ing the analyte-cytolytic agent conjugates absorbed on 
the matrix. 

As shown in FIG. 5. the matrix part(16) and elec- 
trode system(9) having characteristics mentioned 
above are integrally combined to the electrode portion 
(10) exposed by an insulating layer on the base elec- 
trode, and the portion(1 4) to which liposomes containing 
electroactive species are immobilized on the matrix part 
(15), to complete the immunobiosensor (19). 

FIG. 6 is a perspective view of the immunobiosen- 
sor completed by the processes mentioned above, and 



symbol 18 shows sample application part. 

The principles of generating signals by the immu- 
nobiosensor are explained with reference to FIG. 7. 
In case that the analyte is an antigen, a predeter- 

s mined amount of a liquid sample containing the analyte 
is dropped on the sample application part(18) on the 
sensor [FIG. 7]. Then, the sample is mixed with the an- 
alyte-cytolytic agent conjugates absorbed on the assay 
starting point(1 2) of the matrix part(1 5) as shown in FIG. 

10 7, and starts to move with the analyte in the sample by 
using the liquid in the sample as a carrier, toward the 
electrode by chromatographic principle [FIG. 7(C)]. In 
the competition point (13) to be reached at this time, an 
antibody which specifically binds to the analyte is immo- 

15 bilized on the matrix. To occupy the binding site for an- 
tigen-antibody, the analyte and analyte-cytolytic agent 
conjugates in the sample compete each other [FIG. 7 
(0)1 

Thus, If a large amount of the analyte is present in 

20 the sample, much analyte-cytolytic agent pass through 
the competition point(13) to reach the liposomes on the 
signal-generating polnt(14) just over the electrode, to 
cause the liposome lysis. [Flg.7(E)]. As a result of the 
immunochemical reaction, electroactive species in the 

^5 liposomes are released proportional to the concentra- 
tion of the analyte present in the sample solution, and 
the released electroactive species diffuse and reach to 
the electrode part(10) [FIG.7(F)]. As the current is gen- 
erated between the working electrode(5) and the coun- 

30 ter electrode(6) upon oxidizing or reducing the elec- 
troactive species on the working electrode applied with 
a certain potential compared to the reference electrode, 
a current value proportional to the concentration of the 
analyte present in the sample solution can be obtained. 

36 On the contrary, if the analyte is an antibody, an an- 
tigen which specifically binds with the analyte is immo- 
bilized on the competition point(1 3) on the matrix in FIG. 
7, so that an assay of the analyte (antibody) can be per- 
formed by the same principle. 

40 As described above, the embodiments of the inven- 
tion may be applied in all immunoassay using the affinity 
between llgand and receptor such as conventional an- 
tigen-antibody reaction [e.g. are biotlne-avidin, immu- 
noglobulin G-protetn A, hormone-hormone receptor, 

46 DNA-DNA, RNA-RNA and drug-drug receptor], 

Here-in-after, an Immunobiosensor which enables 
to measure viruses such as Hepatitis virus and AIDS 
virus, pathogenic microbes such as Saimonella anO Le- 
gionella, proteins such as immunoglobulin, lipoprotein 

60 such as HDLand LDL, homnones such as human growth 
hormone and TSH(Thyroid Stimulating Homnone), anti- 
biotics such as gentamicine and tobramicine, and drugs 
such as digoxin and theophylline and a multi-immunob- 
iosensor which enables to measure multicomponente 

65 concurrently will be described in more detail by refer- 
ence to the following examples. 



4 



BNSDOCID: <EP 0745843A2_L> 



7 



EP 0 745 843 A2 



8 



Example 1 : Immunobiosensor for measuring 
surface antigen of Hepatitis B virus(HBsAq> 

Surface antigen ot Hepatitis B virus(HBsAg) is a 
marker for determination whether A person has been s 
infected by Hepatitis B virus or not. 

At first, the fabrication for base electrode is carried 
out in the following order: 

As In FIG. 1 and 2, a polyester Insulating base plate 
(1) with 0.3 mm thickness is washed with aceton and io 
sliver(Ag) paste is printed thereon and conduction path 
(2,3,4) and connection paths are fomned by heating at 
110 ""C for 10 nninutes. Carbon paste is printed on a 
working electrode(5) and counter electrode(6) portions 
and heat-treated as above. And after insulating layer(7) 
Is formed by printing Insulating paste thereon, electrode 
portion(IO) exposed by insulating layer is treated with 
100 mM FeCIs solution for 1 minutes and remaining 
FeCl3 solution is washed off by distilled water to form a 
Ag/AgCi reference electrode(8). Thus, electrode system 20 
composed of a working electrode (5), a counter elec- 
trode(6)and a reference electrode(d) has been complet- 
ed. 

The fabrication of electroactlve species-containing 
liposome is carried out in the following order 25 

The electroactive species-containing liposome is 
prepared in the form of LUV(Large Unilamella Vesicle) 
or MLV(IVIultl lamella Lipid Vesicle) by general methods. 
Namely, phospholipid such as DPPC(dlpalmltoylphos- 
phatidylchollne). DPPG(dipalmitoylphosphatidylglycer- 30 
of) and cholesterol is dissolved in proper ratio in organic 
solvent such as chloroform and the solution Is placed in 
a glass vessel for evaporation under reduced pressure 
to fomn a lipid film. A solution of 1 GO mM potassium fer- 
rocyanide dissolved In phosphate buffer (pH 7.4) is add- 3S 
ed thereto and the mixed solution is stirred vigorously 
to form a opaque liposome phase with particle sizes of 
100 -1000 nm. 

An chromatographic matrix is fabricated as in fol- 
lows: '^O 

A paper for chromatography such as cellulose pa- 
per is cut into 6 mm X 50 mm size and matrices are pre- 
treated by dipping Into 0.1 M sodium carbonate buffer 
wherein 2.5 g ot casein is dissolved, and washed with 
distilled water repeatedly and then dried. As in FIG. 5, 
potassium ferrocyanlde-containing liposome is immobi- 
lized on a signal generating po(nt(l4) In pretreated ma- 
trix part(15) and an antibody binding with target antigen 
(HBsAg) is immobilized on a competition polnt(1 3). And 
a conjugate wherein a cytolytic agent, melittin, is bound so 
to the antigen(HBsAg) Is absorbed to the assay starting 
point(1 2). 

As shown in FIG. 5, matrix part(15) and the elec- 
trode 8y6t6m(9) fabricated as above are combined to- 
gether so as to electrode portion( 1 0) exposed by the in- ss 
sulating layer on base electrode being accord with the 
portion(14) wherein liposome of matrix part(15) is Im- 
mobilized, using doubled-sided adhesive tape(16) and 



a polyester upper supporting layer(17) to complete im- 
munoblosensor(1 9) for measuring surface antigen of 
Hepatitis B virus. 

And at measurement, sample blood Is dropped on 
sample application part(1B) and melittin-HBsAg conju- 
gate absorbed at the assay starting point(1 2) of the ma- 
trix parl(15) begins to move with sample by develpoing 
through the matrix. As approaching to the competition 
polnt(13), asurfaceantlgen(HBsAg), measured species 
in sample, competes with a melittin-HBsAg conjugate 
for binding and as a result, melittin. cytolytic moiety of 
melittin-HBsAg conjugate reaching at signal generating 
point(14) through the competition point(1 3), rupture li- 
posome and potassium ferrocyanide contained in lipo- 
some will be released. At this time, on the 200 mV ap- 
plied working electrode(5) conrpared to the reference 
electrode (8), potassium ferrocyanide . is oxidized(Fe 
(CN)g-^ — > Fe(CN)6'^ + e' ) and the current is resulted 
in proportion to HBsAg concentration in sample. 

Exampie 2 : Immunobiosensor for measuring 
surface antibody of Hepatitis B virus(anti-HBsAg) 

Surface antibody of Hepatitis B virus is a marker for 
determination whether antibody for Hepatitis B virus, in 
other words, immunity has been formed or not. 

The fabrications of base electrode and the prepa- 
ration of electroactive species-containing liposome are 
carried out in accordance with the same procedure as 
in Example 1 . ' 

The fabrication of matrix for immunochemical reac- 
tion is carried out in the following order: 

A paper tor chromatography such as cellulose pa- 
per is cut into 6 mm X 50 mm size and matrices are pre- 
treated by dipping into 0.1 M sodium carbonate buffer 
wherein 2.5 g of casein is dissolved, and washed with 
distilled water repeatedly and then dried. The potassium 
ferrocyanlde-containing liposome is immobilized on a 
signal generating point{14) in pretreated matrix part(15) 
and an antigen binding with target antibody is immobi- 
lized on a competition point(1 3). And a conjugate where- 
in a cytolytic agent, melittin, is bound to the antibody is 
absorbed to the assay starting polnt(1 2). 

As in FIG. 5, chromatographic matrix part(15) and 
the electrode system(9) fabricated as above are com- 
bined together so as to electrode portion(IO) exposed 
by the Insulating layer on base electrode being accord 
with the portion (14) wherein liposome of matrix part(15) 
Is Immobilized, using doubled-sided adhesive tape(16) 
and a polyester upper supporting layer(17) to complete 
the immunobiosensor(1 9) for measuring surface anti- 
body of Hepatitis B virus. 

And at measurement, sample blood is dropped on sam- 
ple application part(18) and melittin-surface antibody 
conjugate absorbed at the assay starting point(1 2) of the 
matrix part(1 5) begins to move with sample by develop- 
ing through the matrix. As approaching to the competi- 
tion point(1 3), surface antibody(anti-HBsAg). the meas- 
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ured species in sample, competes with melittin -surface 
antibody conjugate for binding and as a result, melittin, 
cytolytic moiety of melittin-surface antibody conjugate 
reaching at signal generating point(1 4) through the com- 
petition point(13), rupturs liposome and potassium fer- 
rocyanide contained in liposome will be released. At this 
time, on the 200 mV applied working eiectrode(5) com- 
pared to the reference electrode(8), potassium ferrocy- 
anide isoxidized(Fe(CN)6'^ — > Fe(CN)e*2 + e* )and the 
current is resulted in proportion to surface antibody(anti- 
HBsAg) concentration in sample. 

Example 3 : Immunobiosensor for measuring 
theophviline 

The fabrication of base electrode Is carried out in 
accordance with the same procedure as In Example 1. 
The fabrication of elect reactive species-containing lipo- 
some is carried out in the following order 

The electroactive species-containing liposome is 
prepared in forms of LUV(Large Unilamella Vesicle) or 
MLV(Multilamella Lipid Vesicle) by general methods. 
Namely, phospholipid such as DMPC(dimyristoylphos- 
phatidylcholine) and cholesterol is dissolved in proper 
ratio in organic solvent such as chloroform and the so- 
lution is placed in a glass vessel for evaporation under 
reduced pressure to fomn a lipid film. A solution of 100 
mM ferrocene dissolved in phosphate buffer (pH 7.4) is 
added thereto and the mixed solution is stirred vigorous- 
ly to form a opaque liposome phase with particle sizes 
of 100 - 1000 nm. 

The fabrication of matrix for immunochemical reac- 
tion is carried out in the following order: 

The ferrocene-containing liposome is immobilized 
on a signal generating point(1 4) in pretreated nitrocel- 
lulose nnatrix part(15) and an antibody binding with tar- 
get theophynine(anti-theophylline) is immobilized on the 
competition point(13). And a conjugate wherein a cyto- 
lytic agent, phospholipase C, is bound to theophylline is 
absorbed to the assay starting point(1 2). 

As In FIG. 5, the matrix part(15) and the electrode 
system(9) fabricated as above are combined together 
so as to electrode portion(IO) exposed by the insulating 
layer on base electrode being accord with the portion 
(14) wherein liposonie of matrix part{l 5) is immobilized, 
using doubled-slded adhesive tape(l6) and a polyester 
upper supporting layer(17) to complete the immunobio- 
sensor(1 9) for measuring theophylline. 

At measurement, sample blood is dropped on sam- 
ple application part(8) and then, sample and phosphol- 
ipase C-theophylline conjugate begin to move by devel- 
oping through the matrix. As approaching to the compe- 
tition point(13), theophylline, the analyte, competes with 
phospholipase C-theophylline conjugate for binding and 
as a result, phospholipase C, cytolytic moiety of phos- 
pholipase C-theophililne conjugate reaching at the sig- 
nal generating point(14) through the competition point 
(13), rupturs liposome and ferrocene contained in lipo- 



some will be released. At this time, on the 150 mV ap- 
plied working electrode(5) compared to reference elec- 
trode(8), ferrocene is oxidized(ferrocene -> ferricinium 
+ e*) and the current is resulted in proportion to theophil- 
5 line concentration in sample. 

Example 4 : Immunobiosensor for measuring 
human growth hormone (HGH) 

10 The fabrication of base electrode is carried out in 
accordance with the same procedure as in Example 1 . 

The fabrication of electroactive species-containing 
liposome is carried out in the following order: 

The electroactive species-containing liposome is 
'5 prepared in the form of LUV(Large Unilamella Vesicle) 
or MLV(Multilamella Lipid Vesicle) by general methods. 

Namely, phospholipid such as DMPC(dimyristoyl- 
phosphatidylcholine) and cholesterol is dissolved in 
proper ratio in organic solvent such as chloroform and 
the solution is placed in a glass vessel for evaporation 
under reduced pressure to form a lipid film. A solution 
of 100 Tx\U DCPIP(2,6-dichlorophenolindophenol) dis- 
solved in phosphate buffer (pH 7.4) is added thereto and 
the mixed solution is stirred vigorously to form a opaque 
liposome phase with partble sizes of 100 -1000 nm. 

The fabrication of matrix for immunochemical reac- 
tion is carried out in the following order: 

The DCPIP-containing liposome is immobilized on 
the signal generating point(14) in pretreated nitrocellu- 
lose matrix part(1 5) and an antibody(antl-HGH) binding 
with target human growth homnone(HGH) is Immobi- 
lized on the competition point(13). And a conjugate 
wherein a cytolytic agent, phospholipase C, is bound to 
human growth hormone is absorbed to analysis begin- 
ning point( 12), 

As in FIG. 5, the matrix part(15) and the electrode 
system(9) fabricated as above are combined together 
so as to electrode portion(IO) exposed by the insulating 
layer on base electrode being accord with the portion 
(1 4) wherein liposome of matrix part(1 5) is immobilized, 
using doubled-slded adhesive tape(16) and a polyester 
upper supporting layer(17) to complete the immunobio- 
sensor(19) for measuring HGH. 

At measurement, sample blood Is dropped on sam- 
ple application part(l 8) and then, sample and phosphol- 
ipase C-HGH conjugate begin to move by developing 
through the matrix. As approaching to the competition 
point(1 3), HGlii competes with phospholipase C- HGH 
conjugate for binding and as a result, phospholipase C, 
cytolytic moiety of phospholipase C-theophilline conju- 
gate reaching at the signal generating point(1 4) through 
the competition point(13), rupturs liposome and DCPIP 
contained in liposome will be released. At this time, on 
the 150 mV applied working el0ctrode(5) compared to 
the reference electrode(8), DCPIP Is reduced and the 
current is resulted in proportion to HGH concentration 
in sample. 
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Example 5. Immunbbiosensor for concurrent 
measuring surface antibody and surface antigen of 
Hepatitis B virus 

The immunobiosensor for measuring surface anti- 
gen of Hepatitis B virus(HBsAg) and the immunobiosen- 
sor for measuring surface antibody of Hepatitis B virus 
(anti-HBsAg) fabricated respectively as in above Exam- 
ple 1 and 2, are bound by overlapping as in FIG. 8 to 
complete a immunobiosensor for measuring surface an- 
tigen and surface antibody of Hepatitis B virus concur- 
rently. 

Example 6. Immunobiosensor for measuring 
multicomponents 

- Similar to above Example 5, the individual immuno- 
biosensors(22-25) fabricated respectively as in above 
Example 1 to 4, are bound by overlapping as in FIG. 9 
to complete a multi-immunobiosensor for measuring 
multicomponents. At this time, identical electroactive 
species-containing liposome is used for individual im- 
munobiosensors(22-25), and control sensor(26) gener- 
ating a kind of reference signal is overlapped thereon to 
fabricate the multi-immunobiosensor for measuring 
multicomponents. Hence, electrode signal output from 
; individual immunobiosensors(22-25) will be amplified 

-rr differentially from background signal due to no reie- 

.: vance to immunochemical reaction. And detection of 

■^r^ „ signal without interference effect can be obtained. In 

control sensor (26) generating reference signal, elec- 
o troactlve species-containing liposome is immobilized 
i;i only at the signal generating point(1 4) on nitrocellulose 
matrix part( 1 5). Therefore, in case that a cytolytic agent 
is present in sample or in case that liposome is ruptured 
without immunochemical reaction, accurate measure- 
ment will be possible. In sample measurement, meas- 
. urement circuit connection part(27) is connected to a 
measurement apparatus and sample is applied to react 
the sample contact portion(28) of the multi-immunobio- 
sensor for the measuring multicomponents. 

As described above, because electrochemical im- 
munobiosensor embodying the present invention takes 
advantages of liposome wherein electroactive species 
as a signal-generating material are contained in excess 
amount and together with the measurement system due 
to the simple electrochemical principle than any other 
methods, the described Immunobiosensor measures 
the result of antigen -antibody reaction directly. 

According to the immunobiosensor described, all 
analyses are performed in a short time by simply placing 
the sample on the specific portion of the sensor and 
thus, it will be an excellent immunoassay means that 
can be applied in quick and easy way in various clinic 
field. 

Also because a disposable strip-type immunobio- 
sensor embodying the present invention is packaged 
and supplied in a dry form, it has an advantage of en- 



hancing the user's convenience. 

The disposable strip-type immunobiosensor em- 
bodying the present invention provides an rnethods that 
patient's health condition is diagnosed directly on the 

5 spot in clinic of a private hospital as well as a general 
hospital and also greatly serves for national health and 
welfare due to a rapid prescription. Therefore, the im- 
munobiosensor embodying the present invention has 
an advantage that the present product differs from typ- 

^0 ical analysis system taking several hours. 

The matrix embodying the invention has a structure 
that can be characterized in that a measuring analyte 
analyte-cytolytic agent conjugate, an antigen(or an an- 
tibody) selectively binding with the analyte and an elec- 

^5 troactlve species-containing liposome are respectively 
absorbed or fixed onto specific portion of chromato- 
graphic matrix phase wherein immunochemical reaction 
used in the present Invention Is earned out. Hence, the 
described embodiment has an advantage applicable to 

20 general ligand-receptor pair, such as immunoglobulin 
G-protein A, hormone-hormone receptor. DNA-DNA, 
RNA-RN A and drug-drug receptor as well as typical an- 
tigen-antibody reaction. 

Therefore the described embodiment has an ad- 

25 vantage to fabricate a immunobiosensor which enables 
to measure viruses, pathogenic microbes, lipoproteins, 
hormoneS; antibiotics and drugs, and a multi-immunob- 
iosensor for measuring multicomponents concurrently 
Meanwhile, because liposome-analyte conjugate 

30 can be fabricated according to the embodiment, influ- 
ence of the invention is very great. Namely, liposome- 
analyte conjugate instead of said cytolytic agent-analyte . 
conjugate Is fabricated and applied with an analyte in 
matrix, and then as result of immunochemical reaction, : 

35 liposome-analyte conjugate passing through the com- 
petition point Is ruptured by the cytolytic agent immobi- 
lized around electrode to generate signal. 

As described above, immunobiosensor can be 
practically utilized according to the described embodi- 

40 ment. . 



Claims 

46 \, An electrochemical immunobiosensor which com- . 
prises an electrode part where a plurality of elec- 
trodes are formed on an insulating base plate and 
a part of the electrode Is exposed by selectively 
forming an insulating layer on the electrode; and a 
50 matrix part where a portran absorbed with analyte- 
cytolytlc agent conjugates, a portion with an immo- 
bilized recepter which binds with the analyte, and a 
portion fixed with electroactive species-containing 
liposomes, to perform the functions of liposome- 
's based signal amplification and immunochromatog- 
raphy; and said electrode portion exposed in the 
electrode part and the liposome portion In the matrix 
are integrally combined. 
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2. An electrochemical biosensor according to claim 1 , 
v/herem the matrix part is made of a material select- 
ed from a group consisting of filter paperof cellulose 
or nitrocellulose, polystyrene, polyvinyl and activat- 
ed nylon film. 

3. An electrochemical biosensor according to claim 1 , 
wherein tlie electroactive species-containing lipo- 
some Is made of phospholipid such as dipalmltoyl- 
phosphatidylchollne (DPPC) , dlpalmitoylphos- 
phatidyiglycerol (DPPG), dimyristoulphosphatidyl- 
choline (DMPC) or cholesterol. 

4. An electrochemical biosensor according to claim 3, 
wherein the electroactive species entrapped in the 
liposomes are selected from a group consisting of 
ferrocene derivatives (e.g. ferrocene, dimethyffer- 
rocene), potassium ferrocyanlde, viologen deriva- 
tives, 2,6-dichlorophenoiindophenol (DCPIP), p- 
aminophenol, letrathiafulvalene (TTF), tetracyano- 
quino-dimethane (TCNQ). phenazine methosul- 

[ phate (PMS), Meldola's blue (7-dimethylamino- 
1 ,2-benzophenoxazine), 1 .2-benzophenoxazine- 
7-one (BPO) and thionin. 

5. An electrochemical biosensor according to claim 1 , 
wherein the analyte- receptor binding to the analyte, 
at the site where the site absorbed with an analyte- 
cytolytic agent conjugate and the site with an immo- 
bilized receptor which binds to the analyte in the 
matrix, is a couple of physiologically bioactive ma- 
terials such as antigen-antibody, biotine-avidin, im- 
munoglobulin G-protein A, hormone-hormone re- 
ceptor, DNA-DNA, RNA-RNA and drug-drug recep- 
tor. 

6. An electrochemical biosensor according to claim 1 , 
wherein the cytolytic agent is a physiologically bio- 
active material such as melittin or phospholipase C. 

7. An multi-immunobiosensor for assaying multi-com- 
ponent which comprises overlapping a plurality of 
the electochemical immunobiosensors which com- 
prises an electrode part where a plurality of elec- 
trodes are formed on an insulating base plate and 
a part of the electrode is exposed by selectively 
forming an insulating layer on the electrode; and a 
matrix part where a portion absorbed with analyte- 
cytolytrc agent conjugates, a portion with an immo- 
bilized recepter which binds with the anaiyte, and a 
portion Immobilized with electroactive species-con- 
taining liposomes; and said electrode portion ex- 
posed in the electrode part and the liposome portion 
in the matrix are integrally combined, with control 
sensor which generates reference signals to enable 
simultaneous measurement of physiologically im- 
portant multi-component species. 



8. An electrochemical biosensor according to claim 7, 
wherein the matrix part is made of a material select- 
ed from a group consisting of filter paper of cellulose 
or nitrocellulose, polystyrene, polyvinyl and activat- 

5 ed nylon film. 

9. An electrochemical biosensor according to claim 7, 
wherein the electroactive species-containing lipo- 
some is made of phospholipid such as dipalmitoyl- 

10 phosphatidylcholine (DPPC), dipalmitoylphosphati- 
dylglycerol (DPPG), dimyristou (phosphatidylcho- 
line (DMPC) or cholesterol. 

10. An electrochemical biosensor according to claim 9, 
IS wherein the electroactive species entrapped in the 

liposomes are selected from a group consisting of 
ferrocene derivatives(e.g. ferrocene, dimethylfer- 
rocene), potassium ferrocyanlde, viologen deriva- 
tives, 2,6-dichlorophenollndophenol (DCPIP), p- 
20 aminophenol, tetralhiafulvalene (TTF), tetracyano- 
quino-dimethane (TCNQ), phenazine methosul- 
phate (PMS), Meldola's blue (7-dimethylamino- 
1 ,2-benzophenoxazine). 1 ,2-benzophenoxazine- 
7-one (BPO) and thionin. 

2S 

11. An electrochemical biosensor according to claim 7, 
wherein the analyte-receptor binding to the analyte, 
at the site where the site absorbed with an analyte- 
cytolytic agent conjugate and the site with an immo- 
bilized receptor which binds to the analyte in the 
matrix, Is a couple of physiologically bioactive ma- 
terials such as antigen-antibody, biotine-avidin, im- 
munoglobulin G-protein A, hormone-hormone re- 
ceptor, DNA-DNA, RNA-RNA and drug-drug recep- 
tor. 

An electrochemical biosensor according to claim 7, 
wherein the cytolytic agent is a physiologically bio- 
active material such as or phospholipase C. 



30 



12. 



40 

13. An electrochemical biosensor according to claim 7, 
wherein the same electroactive species-containing 
liposomes are immobilized on each matrix part of 
each immonobiosensor. 

45 

14. An electrochemical biosensor according to claim 7, 
wherein the control sensor only includes a matrix 
part immobilize^ with eletroactive species-contain- 
ing liposomes. 

so 



BNSDOCtD: <EP 074S843A2J^> 



8 



EP 0 745 843 A2 



RG.I 




BNSDOCID: <EP ^0745B43A2_U> 



9 



EP 0 745 843 A2 



FIG.3 




FIG.4 




10 

BNSDCCID: <EP ^0745843A2_U> 



EP 0 745 843 A2 



FIG. 5 




nG.6 



17 




BNSDOCID: <EP ^0745843A2J_> 



11 



EP0 745 843 A2 



^jj^ a liquid sample containing the analyte ( - ) 
cf the analyte {□ ) - cytolytic agent ) conjugate 

the electroactive species ( o) -containing liposomes 
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signal amplification and immunochromatography; and 
said electrode portion exposed in the electrode part and 
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